Background: Peripheral venous catheterization (PVC) is a less invasive and time consuming technique than central venous catheterization (CVC); however, for patients in circulatory collapse or receiving cardiopulmonary resuscitation (CPR), PVC cannot be achieved easily. CVC can provide not only a more effective administration route for medication, but also important hemodynamic information. Owing to the possibility of CPR interruptions and complications, CVC is recommended only after the failure of PVC. This observational study is aimed to evaluate the risks and benefits of CVC during CPR. Methods: This retrospective observational study was performed in the emergency department (ED) of a university hospital. Adult patients without a pulse on arrival were consecutively enrolled if subclavian CVC was performed at the beginning of CPR. Patients who already had an established intravenous route or had severe chest injuries on arrival were excluded. Closed-circuit television was used to evaluate the frequency of compression interruption. The incidence of iatrogenic pneumothorax, an acute mechanical complication associated with subclavian CVC, was investigated using chest X-ray after CPR. Results: During a 6-month period, 35 patients underwent CPR and 31 of these received subclavian CVC. Among the patients, one patient experienced iatrogenic pneumothorax (3.8%), and 13 CPR interruptions occurred in 10 subjects during subclavian CVC. Conclusions: During CPR in 31 patients, one iatrogenic pneumothorax was caused by subclavian CVC, and CPR interruptions were observed in approximately 30% of cases.
Introduction
During CPR, central venous catheterization (CVC) is not recommended for drug delivery route, even if peripheral venous catheterization (PVC) cannot be achieved. [1] Because CVC may interrupt cardiopulmonary resuscitation (CPR), it does not have higher priority. [2] In addition, more than 15% of patients who undergo CVC experience complications such as pneumothorax. [3] For these reasons, CVC have not been considered as emergent vascular route. However, the PVC in emergent patients is not easy. The success rate of PVC was reported about 76%. [4] If CVC could be achieved in this case, the medication could be delivered, and the better quality of CPR could be possible rather than without any vascular route, and any medications.
Moreover, the central venous route has some unique advantages, though CVC can be associated with CPR interruption and complications. Compared with the peripheral venous route or the intraosseous route, higher peak drug concentrations are achieved with the central venous route, that is to say drug circulation time is shorter. [5, 6] In addition, central venous oxygen saturation and coronary perfusion pressure can be monitored with a central line extending into the superior vena cava during CPR. These bio- 
Meterials and Methods
This study was a retrospective single-blind observational study, All the cardiac arrest patients without obvious signs of death (e.g., decapitation, rigor mortis, or dependent lividity) were brought to the ED by paramedics in this local area. These paramedics were able to provide basic life support with advanced airway management and automated external defibrillation, but were not certified to administer any intravenous medications except hydration fluids. Usually, vascular access for delivery of CPR medication was provided for the arrest patients after ED arrival.
In our ED, not only PVC but also the subclavian CVC were performed independently and simultaneously for to prevent the delay or the failure to achieve vascular route during CPR. All physicians who performed CVC were emergency medicine residents over second grade, and had previously over than 20 times of CVC after book review and bedside teaching by faculty in the ED. All the nurses who performed PVC during CPR had an average of 4 years of work experience in ED. Other CPR procedures were performed according to established guidelines. [9] The frequency of iatrogenic pneumothorax and hemothorax associated with subclavian CVC was the first primary outcome. (Table 1) .
Among 31 trials, subclavian CVC were successfully inserted in 28 patients, though in six patients more than one trial was nec- other procedures (e.g., cricothyroidostomy, undressing). On average, there were 1.9 interruptions per patient (Fig. 1) .
Discussion
According to previous reports, the probabilities of pneumothorax associated with subclavian CVC range from 1.5% to 3.1% in critically ill patients, and the event with 3.0% probability has a 0.5470 (probability = 1 -26C0 × 0.03 0 × 0.97
26
) chance of occurring once or more in 26 cases. [12] Thus, it might not be significantly different, though the comparison of the complication risk between ordinary condition and CPR is limited by the sample size.
In our study, the patient with iatrogenic pneumothorax visited ED for hypovolemic shock caused by hematemesis. The patient underwent more than five needle passes for CVC. According to one clinical report describing risk factors for complications and failures of subclavian CVC, the number of needle passes may be strongly associated with the rate of failure and complications.
The complication rate increases from 4.3% with one pass to 24.0% with more than two passes. [13] Moreover, CPR itself can also cause pneumothorax about 8% of the time, and we could not distinguish from CVC induced pneumothorax in this study design. [14] It might show needle induced pneumothorax larger than real.
There was a report about CPR hands-off time in the ED.
According to the report, initial assessment (45 cases), pulse check with switching compressors (45 cases), echocardiography (13 cases), defibrillation (9 cases), intubation (9 cases), X-ray (4 cases), CVC (1 case), needle thoracotomy (1 case), and backboard placement (1 cases) had interrupted the chest compression for more than 10 seconds in a total of 45 CPR subjects. [15] During pulse checking with switching compressors, echocardiography, and intubation, the interruptions of chest compression also ob- Although the supine chest x-ray has a sensitivity of only 35% to 75% for the detection pneumothorax, we inevitably reviewed chest radiographs to determine the frequency of pneumothorax. [16, 17] Recently the chest ultrasound, which might be more useful than radiographs to identify pneumothorax, frequently utilized, however there were not precisely documented in the medical records. [18] The success rate at first attempt of CVC was higher than that of PVC, and the median time of procedure is shorter in PVC than in CVC, however it is difficult to generalize this study results about the procedure success rate or the procedure time with the limited operators. The success rate and the median time may depend on the skill of operators who performed the procedure. In case of PVC, median procedure time, and the first trial success rate of other studies with leukemia patients, and emergent patients out of hospital were 1-2 minutes, and 26-28% respectively.
In comparison with patients CPR results, which showed higher first trial success rate and longer procedural time. The operators who have placed > 50 central venous catheters or trained over two years were considered to have less than half complication rates. [19, 20] The results could be improved with the training and preparing of procedure.
Even if interruptions or complications exist, making an effort to reduce interruptions and complications would be better than not using the advantages of CVC. After making these efforts, we are going to study with a large scale to show that CVC could reduce the failure rate of vascular access and improve without complications and CPR interruptions.
